Abstract. The paper deals with the influence of environmental degradation on the change of the mechanical properties of polymer nanocomposites. The tested material was polyamide (PA) filled with nanoclay fillers Cloisite 30B, Cloisite 93A and Cloisite Na + in a volume of 2, 4 and 6 wt%. Test samples were produced by injection molding and were subjected to 540 hours and 1080 hours of UV radiation. The change of mechanical properties of PA6/MMT nanocomposite systems after the ageing in the UV chamber was studied by tensile test and Charpy impact resistance test. Article also compares structure of PA6/MMT nanocomposite.
Introduction
Polymer composites are most common used among all types of composite materials [1] . Nanocomposites are a new class of composites that are particle-filled composites in which at least one dimension of the dispersed particles is in the nanometer range (< 100 nm). In recent years, nanocomposites received a great interest in governmental, industrial and academic studies [2] . Nanomaterials can be classified into nanostructured materials and nanophase/nanoparticle materials [3] . The former usually refer to condensed bulk materials that are made of grains (agglomerates), with grain sizes in the nanometer size range, whereas the latter are usually the dispersive nanoparticles. The nanometer size covers a wide range, from 1 nm to as large as 100 to 200 nm. To distinguish nanomaterials from bulk, it is crucial to demonstrate the unique properties of nanomaterials and their prospective impacts in science and technology [2, 4] .
The development of these new materials will enable the circumvention of classic material performance trade-offs by accessing new properties and exploiting unique synergies between materials, that only occur when the length scale of morphology and the fundamental physics associated with a property coincide, i.e., on the nanoscale level [4, 5] . Multifunctional features attributable to polymer nanocomposites consist of improved thermal resistance and/or flame resistance, moisture resistance, decreased permeability, charge dissipation, and chemical resistance [6] .
Hectorite and saponite are also classified as layered silicates [8] . Owing to high surface area and aspect ratio, MMT clays are of special interest for preparing nanocomposites [9] . The structure of MMT consist of stack of crystalline sheets [10] . Crystal lattice of these sheets comprises twodimensional layers where octahedral layer of aluminium or magnesium is surrounded by two external tetrahedral layers (2:1) [11] . The thickness of each sheet is considered around 1 nanometer (nm) [7] while the lateral dimension of individual layers may differ from 30 to 2000 nm depending on the particular silicate [12] . Stack of platelets is held together by electrostatic forces with interlayer distance called d-spacing between the platelets. The interlayer is also characterized by negative sur-face charge where counterions are attracted to the net negative charge within the clay platelets [13] . The exchange of simple inorganic cations is very much depended upon surface charge density which is known as cation ex-change capacity (CEC) expressed by meq/100g [11] . Localization of negative charge is not constant and may vary from layer to layer. Therefore, it is beneficial to consider CEC as an average value of entire crystal [7] . The layered structure of montmorillonite clays is illustrated in Fig. 1 . Fig. 1 The layered structure of Montmorillonite Montmorillonite (MMT) has wide use in polymer nanocomposites for its easy accessibility, a well known intercalation and exfoliation characteristic, high surface area per mass unit and high surface reactivity. MMT layer can have the aspect ratio from 1000 m 2 / g in a highly dispersed systems, and particle surface area of about 750 m2/ g. Usually, because of the break of clay layers during the stage of preparation of nanocomposite layers MMT aspect ratio decreases to 300-500 m 2 /g. [4, 9, 10] .
Degradation of Polymer Composites
Polymeric materials properties are changing over the time. Due to time and environmental conditions over the life of polymeric materials occurs therefore unintentional but irreversible changes to their structure and properties. These changes are usually named as ageing, degradation, damage or corrosion. The concept of ageing emphasizes the time factor, which not necessarily means the deterioration of properties. [14, 15] .
The finished material is exposed over time many internal and external influences. To internal impacts belongs thermodynamic instability, the external factor is especially heat, solar radiation, atmospheric oxygen, ozone, moisture, rain, sulphur and nitrogen oxides, dust fallout, aggressive media (gases, vapours, liquids), ionizing radiation, mechanical force (often variable) and microorganisms. These impacts affect the structure, change it and therefore change the performance characteristics of the polymer. Each of them acts by different mechanisms and affects the different Key Engineering Materials Vol. 756polymer structure level. The action of excessively elevated temperatures for a time substantially disrupts the macromolecular polymer chains and results in embrittlement of plastics. At semicrystalline thermoplastics causes additional crystallization which is also manifested by a reduction in ductility and impact the impact strength, sometimes also reducing the stiffness and the mass loss of the polymer [14, 16] . Testing ageing of polymers is one of the most important tests to the lifetime of product. Ageing tests can be either in real conditions of use of the polymer in a particular application, or using artificial accelerated ageing conditions. Accelerated ageing methods provide test results significantly faster than natural ageing tests [15, 17] .
Materials and Methods
The aim of this paper is defining the influence of the nanofiller contents on the mechanical properties of polyamide tested in standard condition according to standards and after ageing in UV chamber. Mechanical properties are strength properties defined in the static tensile test and Charpy impact test. The secondary aim was to check the convenience of usage of MMT nanofiller in PA6 matrix.
Polyamide (PA) is an important group of the thermoplastic excellent solvent resistance and good processibility. Material PA6 Durethan B30S was used as the matrix. Durethan B30S is nonreinforced PA6 used for injection molding with tensile modulus 3200MPa, melt volume-flow rate 100cm 3 /min. Nanocomposite system was formed with PA matrix/nanoclay fillers. Cloisite nanoclays are the additives into polymers with a high aspect ratio based on montmorillonite made by Southern Clay Products, Inc. The benefits of processing technology results to the high particle surface area -750 m 2 / g and a high aspect ratio 70-150. One of the interesting aspects of the use of nanofillers is the low concentration of that filler that needs to be added to the polymer system to obtain desired property improvements. Cloisite MMT clays used for experiment:
• Cloisite 30B is a natural montmorillonite modified with a quaternary ammonium salt. Specific chemical pre-treatment modifier (MT 2 EtOH:methyl, tallow, bis-2-hydroxyethyl, quaternary ammonium) was used for the preparation of Cloisite 30B.
• Cloisite 93A is a natural montmorillonite modified with a ternary ammonium salt. Specific chemical pre-treatment modifier (M 2 HT: methyl, dehydrogenated tallow ammonium salt) was used to prepare Cloisite 93A.
• Cloisite Na + is a natural montmorillonite. This plastic additive improves various plastic physical properties, such as reinforcement, heat deflection temperature (HDT), coefficient of linear thermal expansion (CLTE), and barrier properties. Typical properties of Cloisite MMT fillers used for experiments are described in Table 1 . The nanocomposites were obtained in two steps in air atmosphere using co-rotating twinscrew extruder Buhler Determining impact resistance of materials using Charpy impact apparatus is conducted according to STN EN ISO 179-1:2011 standard. Determining impact resistance with Charpy impact apparatus is done by measuring the energy to breaking the specimen by measuring the angle of the pendulum with hammer after breaking the specimen. Impact strength was calculated as the ratio of the force needed to dynamically break a specimen to the cross-sectional area of the specimen. Ten measurements were taken to determine the arithmetic mean of Charpy impact.
The tests were performed under standard conditions and to investigate the impact of the ageing, the samples were exposed to UV light in the chamber for 540 hrs and 1080 hrs.
The samples were irradiated continuously for 12 hours, followed by a 12 hour rest interval. To determine the changes of mechanical properties after ageing, tensile and impact tests were made.
Results and Discussion
Tensile strength results for obtained nanocomposites specimens before and after ageing in UV chamber are presented in Fig. 2, Fig.3 and Fig.4 . The addition of nanofiller to base material caused the decrease of tensile strength of final material. Biggest change was observed at PA/2% Cloisite Na+, decrease of 19.74% in comparison to the raw material. Ageing in UV chamber for 1080 hours caused increase of tensile strength by 4.98% at raw material. This exposure increased also tensile strength of filled materials -by 6.32% (material PA/ 4%Cloisite30B), by 6.92% (material PA/ 2%Cloisite93A) and by 7.06% (material PA/ 2%CloisiteNa+) in comparison to the test in standard conditions without ageing.
Charpy impact of nanocomposites specimens before and after ageing in UV chamber are presented in Fig. 5, Fig.6 and Fig.7 . The structure of materials was studied in scanning electron microscopy type Tesla BS 340. Each material was observed on the fracture surfaces of samples after Charpy impact test. Structures of selected materials are shown on Fig. 8 to Fig. 12 .
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Manufacturing Technologies: Materials, Operation and Applications Structure of PA6/4%Cloisite30B (Fig. 11) is homogeneous, does not show the filler clusters and other contaminants in the material itself. Figure 10 shows the structure of the material PA6 / 4% Cloisite93. It can be seen that the exfoliation of the filler was substantially complete with no visible clusters of filler. On Fig. 11 it is possible to see air bubbles with diameter 3-7µm in small amount. Figure 12 shows that exfoliation of Cloisite Na+ in PA matrix was not performed sufficiently with visible not split filler and small amounts of air bubbles.
Summary
The aim of the contribution was to investigate the impact of nanofiller in selected mechanical properties of prepared nanocomposites. Cloisite 30B, Cloisite 93A and Cloisite Na+ were added to polyamide matrix with content of 2%, 4% and 6 % of filler. Tensile strength and Charpy impact strength were evaluated in new state and after ageing. Ageing of nanocomposites was performed by exposure of samples to UV radiation for 540 and 1080 hours in the chamber. Based on this study, we can conclude that each material was affected by various affect. This phenomenon can be explained by the volume particle size distribution of the cross section of the material that prevents the complete penetration of the UV radiation. Investigated nanocomposites showed increased strength with an increasing amount of fillers. The reason was sufficient split of the filler particles and exfoliation or intercalation into polyamide. UV radiation caused the dissolution of macromolecular polymer chain and this resulted in their embrittlement. This resulted in additional crystallization and resulted in a reduction of toughness for each test material.
That contribution also pointed out that the replacement of the currently used materials for injection molding with polymer nanocomposites in granular form does not entail any restrictions or injection process necessary adjustments.
